Let w k be the minimum degree sum of a path on k vertices in a graph. We prove for normal plane maps that: (1) if w 2 = 6, then w 3 may be arbitrarily big, (2) if w 2 > 6, then either w 3 ≤ 18 or there is a ≤ 15-vertex adjacent to two 3-vertices, and (3) if w 2 > 7, then w 3 ≤ 17.
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O.V. Borodin belong to one of ten classes, in which d(u) + d(v) + d(w)
varies from 23 to 15. As reported by Enomoto and Ota in [3] , Ando, Iwasaki and Kaneko [4] prove w 3 ≤ 21 for each 3-polytope, which is best possible due to Jendrol's construction [7] .
It is natural to describe the classes of normal plane maps in which w 3 is bounded above. Consider the following construction with w 2 = 6 and w 3 unbounded: join two vertices by n edges and place two adjacent 3-vertices inside each 2-face. It turns out that not all 3, 3-edges are responsible for the unboundedness of w 3 , but only those lying on 3-faces. More specifically, the purpose of this note is to prove the following
Theorem 1. Each normal plane map without triangles incident with two 3-vertices has
(i) either w 3 ≤ 18 or a vertex of degree ≤ 15 adjacent to two 3-vertices, and (ii) either w 3 ≤ 17 or w 2 = 7.
Corollary 2. Each normal plane map with w 2 > 6 has w 3 ≤ 21.
In particular, Theorem 1 immediately implies that Franklin's bound w 3 ≤ 17 is valid for all normal plane maps of minimal degree ≥ 4. To attain the bound in Corollary 4, take the dual of the well-known (3,5,3,5)-Archimedean solid, and join every two 5-vertices lying in a common face by a path consisting of two 4-vertices. (The former 3-vertices now have degree 9, while the former 5-ones become 10-vertices.) P roof of T heorem 1. Suppose that M is a counterexample to (i) or (ii) of Theorem 1. In particular, M has w 3 > 17. Let M be a counterexample on the same vertex set with the greatest number of edges.
Suppose there is a > 3-face f = abc . . .. Further suppose b is a vertex with the minimal degree among all vertices incident with f . Then M + ac is also a counterexample to the same statement (i) or (ii) as M . First observe that if M has no 4-vertex adjacent to a 3-vertex or a ≤ 15-vertex adjacent to two 3-vertices, then so does M + ac. Secondly, suppose w 3 (M + ac) < w 3 (M ). Then in M + ac there is a path zac or acz, say zac, such that z = b and
which is a contradiction.
The next property follows immediately from (A):
Throughout the paper, we denote the vertices adjacent to a vertex v in a cyclic order by
Euler's formula |V | − |E| + |F | = 2 for M may be written as (1), while the charges of ≥ 6-vertices are non-negative. Using the properties of M as a counterexample to (i) or (ii), we define a local redistribution of µ's, preserving their sum, such that the new contribution µ (v) is nonnegative for all v ∈ V . This will contradict the fact that the sum of the new contributions is, by (1), equal to -12. 
If v has a 3-neighbour, then no other minor neighbour is possible because 9 + 3 + 5 < w 3 , therefore µ (v) ≥ 9 − 6 − 3/2 > 0. Otherwise, v can do at most four transfers (9 + 4 + 4 < w 3 ), each of which is not greater than 2/3, which implies µ (v) ≥ 9 − 6 − 4 × 2/3 > 0.
Suppose This completes the proof of Theorem 1.
